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AMMONIA SENSOR ELEMENT

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based on and claims the benefit of

priority from Japanese Patent Application 2016-2515935 filed
on Dec. 26, 2016, the disclosure of which 1s incorporated 1n

its entirety herein by reference.

BACKGROUND OF THE INVENTION

Technical Field of the Invention

The present disclosure relates to an ammonia sensor
clement which can detect ammonia 1n gas.

Related Art

To detect ammonia 1n mixed gas such as combustion gas
and exhaust gas, an ammonia sensor 1s used. For example,
a method for purifying NOx contained 1n exhaust gas from
an internal combustion engine by using ammonia 1s known.
To perform the purification effectively, measurement of an
ammonia concentration by the use of an ammoma sensor 1s
required. Such an ammonia sensor 1s required to be provided
with a performance with which ammonia 1n exhaust gas can
be detected selectively and with high accuracy.

Japanese Unexamined Patent Application Publication No.
2011-69705 (hereinatter, referred to as first published litera-
ture) discloses an ammonia sensor element comprising at
least a solid electrolyte body containing a proton conducting
solid electrolyte with high acidity, a measured gas-side
clectrode and a reference gas-side electrode. In an ammonia
sensor element with such a configuration, an ammonia
concentration can be measured by adsorbing ammonia 1n
exhaust gas to the measured gas-side electrode.

SUMMARY

However, 1n the above-mentioned conventional ammonia
sensor, the proton conducting solid electrolyte contained 1n
the solid electrolyte body exhibits higher adsorptive prop-
erties of ammomia. Therefore, ammonia 1s more easily
adsorbed to the solid electrolyte body than to the measured
gas-side electrode. As a result, ammonia 1s adsorbed on the
whole solid electrolyte body. Thus, there 1s a concern that
the measured gas-side electrode cannot adsorb ammonia in
gas accurately and an ammonia concentration in the gas
cannot be detected accurately.

An exemplified aspect of the present disclosure 1s aimed
at providing an ammonia sensor element which can detect,
with high accuracy, an ammonia concentration 1n gas.

One aspect of the present disclosure 1s an ammonia sensor
clement comprising:

a measured gas chamber to which a measured gas 1s
introduced;

a reference gas chamber to which a reference gas 1s
introduced;

a solid electrolyte body arranged between the measured
gas chamber and the reference gas chamber, having a {first
main surface facing the measured gas chamber and a second
main surface facing the reference gas chamber;

a detection electrode formed on the first main surface of
the solid electrolyte body; and

a reference electrode formed on the second main surface

of the solid electrolyte body, wherein the solid electrolyte
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2

body contains a first proton conducting solid electrolyte, the
detection electrode contains a second proton conducting
solid electrolyte, and the second proton conducting solid
clectrolyte has an acid strength greater than that of the first
proton conducting solid electrolyte.

Other aspects of the present disclosure will be apparent

from the descriptions of the embodiments on the basis of the
drawings described below.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 shows a longitudinal cross-sectional view of an
ammonia sensor element in the first embodiment.

FIG. 2 shows a cross-sectional view taken across the line
II-IT of FIG. 1.

FIG. 3 shows an enlarged cross-sectional view of an
interface between a detection electrode containing a second
solid electrolyte and a solid electrolyte body in the first
embodiment.

FIG. 4 shows an enlarged cross-sectional view of an
interface between a detection electrode containing a first
solid electrolyte and a second solid electrolyte and a solid
clectrolyte body 1n the first embodiment.

FIG. § 1s a graph showing ammonia adsorption strengths
of sample E1 and sample C1 respectively in the first experi-
mental example.

FIG. 6 1s a graph showing electrode reaction resistances
of sample E2 and sample C2 respectively in the first experi-
mental example.

FIG. 7 shows a cross-sectional view of a detection elec-
trode of an ammonia sensor element 1n the second embodi-
ment.

FIG. 8 shows an enlarged cross-sectional view of an
clectrode base layer in the second embodiment.

FIG. 9 shows an enlarged cross-sectional view of an
clectrode surface layer 1n the second embodiment.

FIG. 10 1s a graph showing the relation between the ratio
t/t,, t, being the thickness of an electrode base layer of a
detection electrode and t_ being the thickness of an electrode
surface layer thereolf, and electrode reaction resistance 1n the
second experimental example.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

First Embodiment

The embodiment of an ammonia sensor element 1s
described with reference to FIGS. 1-3. As exemplified 1n
FIG. 1 and FIG. 2, an ammonia sensor element 1 includes a
measured gas chamber 2, a reference gas chamber 3, a solid
clectrolyte body 4, a detection electrode 5 and a reference
clectrode 6. The shape of the ammonia sensor element 1 1s
not particularly limited, but 1s, for example, an elongated-
plate shape as exemplified 1n FIG. 1. In the present descrip-
tion, one end of both ends of the ammonia sensor element 1
in an elongated direction Da to be exposed to measured gas
1s referred to as a distal end, and the opposite end 1s referred
to as a proximal end. In some cases, the elongated direction
1s referred to as an axial direction. In FIG. 1, the left side 1s
a distal-end side 1n the axial direction Da, and the right side
1s a proximal-end side 1n the axial direction Da.

The measured gas chamber 2 1s a space to which mea-
sured gas Gm 1s 1troduced. The measured gas Gm 1s a
mixed gas which may contain ammonia, for example such as
exhaust gas. If the measured gas Gm 1s exhaust gas, the
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measured gas Gm contains oxygen, nitrogen, carbon diox-
1ide, nitrogen oxide, ammonia, hydrogen, hydrocarbon, water
and the like. The measured gas chamber 2 1s a space
surrounded by the solid electrolyte body 4, a diffusion layer
11, a first spacer 12 and an insulator 13.

The diffusion layer 11, the first spacer 12 and the insulator
13 are formed of an electrically-insulating ceramic such as
for example alumina. The diffusion layer 11 1s formed of a
gas-permeable porous body with high porosity. The mea-
sured gas Gm passing through the diffusion layer 11 1s
introduced into the measured gas chamber 2. That 1s, the
measured gas chamber 2 opens to the outside via the
diffusion layer 11. The first spacer 12 and the insulator 13 are
formed of a dense body through which gas does not sub-
stantially penetrate. Preferably, the first spacer 12 and the
insulator 13 are integrally sintered.

The reference gas chamber 3 1s a space to which reference
gas b 1s mtroduced. The reference gas Gb 1s for example
atmospheric air. The reference gas chamber 3 1s a space
surrounded by the solid electrolyte body 4, a second spacer
14 and a ceramic heater 15. The second spacer 14 1s formed
of a dense body through which gas does not substantially
penetrate. Furthermore, the ceramic heater 15 has a heat-
generating unit 151 inside, and the surrounding of the
heat-generating unit 151 1s formed of a dense body through
which gas does not substantially penetrate.

As exemplified in FI1G. 1, the reference gas chamber 3 has
an opening 30, for example, on the base-end side 1n the axial
direction Da, and the reference gas Gb i1s introduced from
the opening 30. In the measured gas chamber 2, the above-
mentioned diffusion layer 11 serves as an introduction port
of the measured gas Gm. A position to form the diffusion
layer 11 1s not particularly limited, but 1s for example a distal
end 1n the axial direction Da as exemplified in FIG. 1. The
diffusion layer 11 can be formed also on the side surface
orthogonal to the axial direction Da as far as 1t exists on the
distal-end side in the axial direction Da.

The solid electrolyte body 4 1s arranged between the
measured gas chamber 2 and the reference gas chamber 3.
The solid electrolyte body 4 contains a first proton conduct-
ing solid electrolyte 45. Hereinafter, the first proton con-
ducting solid electrolyte 1s referred to as a “first solid
clectrolyte™ as appropriate. Preferably, the first solid elec-
trolyte 45 1s made of perovskite-type oxide. In this case, the
solid electrolyte body 4 exhibits excellent protonic conduc-
tivity, therefore, the sensitivity of the ammomnia sensor
clement 1 1s improved.

Examples of perovskite-type oxides include, but are not
particularly limited to, strontium zirconate, calctum zircon-
ate, barilum zirconate, strontium cerate, calcium cerate,
bartum cerate and the like, doped with rare-earth elements
such as Y and Yb. The solid electrolyte body can contain at
least one kind of perovskite-type oxide among them. In
terms of expansion of a detection temperature range of the
ammonia sensor element 1, barium zirconate and strontium
zirconate are preferable among them, and bartum zirconate
and strontium zirconate doped with rare-earth elements are
more preferable.

The solid electrolyte body 4 has a first main surface 41
and a second main surface 42. The first main surface faces
the measured gas chamber 2. On the first main surface 41,
the detection electrode 5 1s formed. The detection electrode
5 1s 1n contact with the solid electrolyte body 4 at the first
main surface 41. On the second main surface 42, the
reference electrode 6 1s formed. The reference electrode 6 1s
in contact with the solid electrolyte body 4 at the second
main surface 42. That 1s, 1n the gas sensor element 1, the
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4

reference electrode 6, the solid electrolyte body 4 and the
detection electrode 5 are laminated 1n this order.

As exemplified i FIG. 3, the detection electrode 5
contains a second proton conducting solid electrolyte 55.
Hereinatter, the second proton conducting solid electrolyte
1s referred to as a “second solid electrolyte™ as appropriate.
The second solid electrolyte 55 is a proton conducting solid
clectrolyte having an acid strength greater than that of the
first solid electrolyte 45 1n the solid electrolyte body 4.
Theretfore, the second solid electrolyte can be referred to
also as an acidic solid electrolyte. The acid strength has the
same meamng as the ammoma adsorption strength in the
experimental example 1 stated below. Therefore, the acid
strengths of the first solid electrolyte 45 and the second solid
clectrolyte 55 can be compared by measuring the ammonia
adsorption strengths thereof. It 1s considered that the higher
the ammonia adsorption strength 1s, the greater the acid
strength 1s.

The second solid electrolyte 35 1s preferably an acidic
proton conducting solid electrolyte. In this case, the second
solid electrolyte 55 more easily adsorbs basic ammonia.
That 1s, the detection electrode 5 containing the second solid
clectrolyte 35 more easily adsorbs ammonia. Thus, detection
accuracy ol the ammonia sensor element 1 1s improved. In
terms ol improving further detection accuracy, the second
solid electrolyte 55 1s more preferably made of a phosphoric
acid-based compound.

The phosphoric acid-based compound includes phos-
phate, pyrophosphate and the like. An element to be paired
includes lanthanum, tin, zircommum, calcium, cerrum, silicon,
aluminum, titantum and the like. Specifically, as the phos-
phoric acid-based compound, exemplified are lanthanum
phosphate, lanthanum pyrophosphate, tin phosphate, tin
pyrophosphate, zirconium phosphate, zirconium pyrophos-
phate, calcium phosphate, calcium pyrophosphate, cerrum
phosphate, cerium pyrophosphate, silicon phosphate, silicon
pyrophosphate, aluminum phosphate, aluminum pyrophos-
phate, titantum phosphate, titanium pyrophosphate, tungsten
phosphate, apatite and the like. The detection electrode S can
contain, as the second solid electrolyte 33, at least one kind
ol transition metal phosphorous compound among them.

Among them, the phosphoric acid-based compound 1is
preferably at least one kind selected from a group consisting
of lanthanum phosphate, tin phosphate, tin pyrophosphate,
zirconium phosphate and zirconium pyrophosphate. In this
case, the second solid electrolyte 55 more easily adsorbs
basic ammonia, and thus, the detection electrode 5 more
casily adsorbs ammoma. As a result, detection accuracy of
the ammonia sensor element 1 1s further improved.

As exemplified 1n FIG. 3, the detection electrode 3 can
contain the above-mentioned second solid electrolyte 55,
and further, a metal 56. Preferably, the metal 56 in the
detection electrode 5 has excellent conductivity. As the
metal 56, exemplified are precious metals such as Pt, Ag, Au,
Pd, Ru, and Rh, N1, Al, Cu, W and the like.

Preferably, 1t 1s preferable that the metal 56 contains at
least Pt. In this case, Pt can catalyze the combustion of
reducing gas such as hydrogen, thereby improving further
selective decomposition activity of ammonia of the detec-
tion electrode 5. Theretfore, detection accuracy of the ammo-
nia sensor element 1 1s further improved.

The blending ratio between the second solid electrolyte 55
and the metal 56 1n the detection electrode 5 can be adjusted
as appropriate. The content of the second solid electrolyte 1n
the detection electrode can be adjusted 1n the range of 3-100
parts by mass relative to 100 parts by mass of the metal. The
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content of the metal in the detection electrode 5 can be
within, for example, 50-97 mass %.

As exemplified 1n FIG. 3, the detection electrode 5
preferably has a structure in which the second solid elec-
trolyte 55 and the metal 56 are mutually three dimensionally
intermixed. That 1s, preferably, a phase made of the second
solid electrolyte 55 and a phase made of the metal 56 are
mutually mixed three dimensionally. In this case, reaction
points 1n the detection electrode 5 are increased. The reac-
tion point 1s a three-phase interface of gas phase ammonaia,
the second solid electrolyte 55 and the metal 56. Therelore,
a decomposition activity of ammonia 1n the detection elec-
trode 5 1s improved. This can decrease reaction resistance of
the electrode. As a result, a temperature range 1n which
ammonia can be decomposed can be expanded. In this
regard, the detection electrode 5 preferably forms a continu-
ous phase by having mutually connected phases of the
second solid electrolyte 1n a matrix of the metal.

The detection electrode 5 can further contain perovskite-
type oxide. In this case, the detection electrode 5 exhibits a
decomposition activity of ammonia also at a three-phase
interface of ammonia, perovskite-type oxide and metal.
Since the perovskite-type oxide exhibits excellent protonic
conductivity, in this case, an ammonia decomposition activ-
ity of the detection electrode 5 can be further improved. As
a result, reaction resistance of the detection electrode 5 1s
more decreased and an ammonia decomposable temperature
range 1in the ammonia sensor element 1 can be expanded. As
the perovskite-type oxide in the detection electrode S, those
similar to the above-mentioned first solid electrolyte 45 are
exemplified. FIG. 4 shows an example 1n which the detec-
tion electrode 5 contains, as perovskite-type oxide, the first
solid electrolyte 45. As exemplified 1n FIG. 4, the detection
clectrode 5 can contain the first solid electrolyte 435, the
second solid electrolyte 35 and the metal 56. When the
detection electrode 5 contains, as perovskite-type oxide, the
first solid electrolyte 435 similarly in the solid electrolyte
body 4, adhesiveness between the detection electrode 5 and
the solid electrolyte body 4 can be improved. Perovskite-
type oxide 1n the detection electrode 5 may be the same type
as 1 the solid electrolyte body 4 as described above,
however may be a different type. When the detection elec-
trode S contains perovskite-type oxide, the content of per-
ovskite-type oxide can be in the range of 3-100 parts by
mass relative to 100 parts by mass of metal. The content of
the second solid electrolyte can be adjusted in the range of
10-100 parts by mass relative to 100 parts by mass of
perovskite-type oxide, and preferably 1s equal to or less than
50 parts by mass, and more preferably, 1s equal to or less
than 30 parts by mass. In this case, an ammonia decompo-
sition activity of the detection electrode 5 can be further
improved while selective adsorptive properties for ammonia
are sufliciently exerted.

The solid electrolyte body 4 can further contain a proton
conducting solid electrolyte made of a phosphoric acid-
based compound, but preferably, does not substantially
contain a phosphoric acid-based compound. That 1s, 1t 1s
preferable that the content of phosphoric acid-based com-
pound 1n the solid electrolyte body 4 1s substantially 0. In
this case, adsorption of ammonia to the solid electrolyte
body 4 1s suppressed, and ammonia 1s more easily adsorbed
to the detection electrode 5. Therefore, an ammonia con-
centration can be detected more accurately. Furthermore 1n
this case, increase in proton conduction resistance at the
interface between dissimilar materials, the solid electrolyte
body 4 and the phosphoric acid-based compound, can be
suppressed. Therefore, the solid electrolyte body 4 exhibaits
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6

good protonic conductivity, allowing further expansion of an
ammonia decomposable temperature range.

The reference electrode 6 1s formed of, for example, a
metal having excellent conductivity. Examples of such metal
include a similar metal to the metal 56 of the detection
clectrode 5 mentioned above. The reference electrode 6 can
contain the above-mentioned {first proton conducting solid
clectrolyte with the metal. Specifically, the reference elec-
trode 6 can contain the metal and perovskite-type oxide.
Perovskite-type oxide may be the same type or a different
type of that in the solid electrolyte body 4. In terms of
increase 1n adhesiveness between the solid electrolyte body
4 and the reference electrode 6, the same type 1s preferable.
The blending ratio between the first proton conducting solid
clectrolyte and the metal 1n the reference electrode 6 can be
adjusted as approprnate. The blending ratio of the first proton
conducting solid electrolyte such as perovskite-type oxide to
the total amount 100 parts by mass of the first proton
conducting solid electrolyte and the metal can be adjusted 1n
the range of, for example, 3-30 parts by mass.

The second spacer 14 and the ceramic heater 15 forming
the reference gas chamber 3 are formed of electric-insulating,
ceramic such as alumina. Furthermore, the ceramic heater 15
has a heat-generating unit 151 1nside, and this heat-gener-
ating unit 151 1s sandwiched by a first insulation layer 152
and a second insulation layer 153. The first insulation layer
152 and the second insulation layer 153 are made of, for
example, a dense body of alumina.

The thickness of the detection electrode 5 can be formed,
for example, in the range of 5-100 um. Also, the thickness
of the reference electrode 6 can be formed, for example, 1n
the range of 5-100 um similarly.

The ammoma sensor element 1 i1s obtained by, for
example, laminating and sintering various ceramic sheets for
forming the solid electrolyte body 4, the first spacer 12, the
insulator 13, the second spacer 14 and the heater 15. Belore
lamination, various electrode pastes for forming the detec-
tion electrode 5 and the reference electrode 6 are applied to
the ceramic sheet for forming the solid electrolyte body 4.
Furthermore, an electrode paste for forming the heat-gen-
erating unit 151, various leads to apply a voltage to the
heat-generating unit 151 and the like are applied to the
ceramic sheet for forming the first insulation layer 152 or the
second 1nsulation layer 153 of the heater 15.

A detection electrode paste (electrode paste for forming
the detection electrode 5) 1s obtained by mixing a metal
powder such as Pt powder, the second solid electrolyte and
an organic binder and kneading them sufliciently. A refer-
ence electrode paste (electrode paste for forming the refer-
ence electrode 6) 1s obtained by mixing a metal powder such
as Pt powder, the first proton conducting solid electrolyte
and an organic binder and kneading them sufliciently. The
clectrode paste for forming the heat-generating unit 151 and
various leads 1s obtained by, for example, mixing a metal
powder such as Pt powder and an organic binder and
kneading them sufliciently.

In the ammonia sensor element 1 exemplified in FIGS.
1-3, measured gas Gm 1s introduced to the measured gas
chamber 2 through the diffusion layer 11 from the outside of
the ammonia sensor element 1. Ammonia in the measured
gas Gm 1s decomposed according to the following reaction
formula (I) 1n the detection electrode 5 facing the measured
gas chamber 2, to produce protons.

ONH,—N,+6H*+6¢ (D)

Protons produced in the detection electrode 5 are con-
ducted through the solid electrolyte body 4 to the reference
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clectrode 6, and water 1s produced according to the follow-
ing reaction formula (II) in the reference electrode 6.

6H*+3/20,+6¢ —3H,0 (1)

In the detection electrode 5 and the reference electrode 6,
when reactions of the above-mentioned formula (I) and
tformula (II) proceed smoothly, diffusion of ammonia to the
detection electrode 5 1s a rate-controlling reaction. This 1s
because ammonia supply 1s restricted by the diffusion layer
11. Thus, a limiting current depending on an ammonia
concentration 1s observed between the detection electrode 5
and the reference electrode 6. The ammonia sensor element
1 can detect an ammomnia concentration on the basis of this
limiting current.

As exemplified 1in FIGS. 1-3, the ammonia sensor element
1 of the present embodiment contains, 1n the solid electrolyte
body 4 and the detection electrode 5, proton conducting
solid electrolytes with respectively different acid strengths.
The detection electrode S contains the second solid electro-
lyte 35 having the acid strength greater than that of the first
solid electrolyte 45 1n the solid electrolyte body 4. There-
fore, basic ammonia contained in the measured gas Gm 1s
casily adsorbed selectively to the detection electrode 5. As
a result, ammonia 1s selectively decomposed 1n the detection
electrode 5, and the ammonia sensor element 1 can detect an
ammonia concentration in the measured gas Gm with high
accuracy. The ammonia sensor element 1 can detect selec-
tively basic ammonia from the measured gas of, for
example, mixed gas with high accuracy.

The ammonia sensor element 1 can be used for detecting
ammonia 1n various mixed gases. Thus, the ammonia sensor
element 1 has, on the outer surface, a contact with mixed
gas. The concept of this contact includes not only a part
actually 1n contact with gas but also a part to be 1n contact
with gas.

Preferably, the ammonia sensor element 1 1s used for
detecting an ammonia concentration i exhaust gas dis-
charged from an internal combustion engine of an automo-
bile and the like. Thus, the ammonia sensor element 1
preferably has contact with exhaust gas. In this case, detec-
tion accuracy ol an ammonia concentration 1s further
improved. This 1s because ammonia 1s substantially the only
basic gas contained 1n exhaust gas, thereby causing adsorp-
tion of basic gas other than ammoma to be substantially
absent. A contact with exhaust gas 1n the ammonia sensor
clement 1 of the present embodiment 1s, for example, a distal
end 1n the axial direction.

As above, the ammonia sensor element 1 of the present

embodiment can detect an ammonia concentration 1n gas
such as exhaust gas with high accuracy.

Experimental Example 1

The present example 1s an example for comparing/evalu-
ating an adsorption strength of ammonia and electrode
reaction resistance ol a detection electrode. First, two kinds
of samples were prepared to measure an adsorption strength
of ammonia. One of them was a sample E1 and the other was
a sample CI1.

The sample E1 was a mixed powder of Pt powder and a
powder of second solid electrolyte. Lanthanum phosphate
powder was used as the powder of second solid electrolyte.
The blending ratio between Pt powder and lanthanum phos-
phate powder was Pt:lanthanum phosphate=7:3 1n the mass
rat10. The sample C2 was Pt powder.
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[Measurement of Adsorption Strength of Ammonia]

Measurement was carried out as below. First, each of the
samples was filled 1n a sample tube. Then, the temperature
within the sample tube was raised to 800° C. at a tempera-
ture-rising speed of 10° C./min while He gas was distributed
within the sample tube, and subsequently the sample was
naturally cooled. This removed moisture and gas attached to
the sample.

Then, basic gas was distributed within the sample tube for
15 minutes at a temperature of 50° C. NH, gas 1n He balance
was used as the basic gas. This produced NH; adsorption
onto the sample. Then, the supply of NH, gas was stopped,
and the temperature within the sample tube was raised to
800° C. at a temperature-rising speed of 10° C./min with He
gas being distributed. NH; desorbed from the sample at this
time was detected by a mass analyzer attached downstream
of the sample tube, to determine the quantity of NH,
desorbed from the sample. The result 1s shown i FIG. 5.

By using, as the sample, the above-mentioned first solid
clectrolyte and second solid electrolyte, acid strengths
thereol can be measured. In this case, the greater quantity of
NH, desorbed from the sample means that the greater
quantity of NH; had been adsorbed to the sample, and the
acid strength 1s considered to be greater.

As known from FIG. 5, the sample E1 has an acid strength
greater than that of the sample C1. That 1s, the sample E1 has
a greater adsorption strength of ammonia. This means that
the detection electrode of the first embodiment containing
the second solid electrolyte as the sample E1 has a greater
adsorption strength of ammonia.

Furthermore, two kinds of samples were prepared to
measure electrode reaction resistance. One of them was
referred to as a sample E2, and the other was referred to as
a sample C2.

The sample E2 was prepared as follows. First, a disc-like
solid electrolyte body having a diameter of 12 mm and the
thickness of 1 mm was prepared. This solid electrolyte body
was obtained by sintering a pellet-like proton conducting
solid electrolyte. The solid electrolyte body contained, as the
proton conducting solid electrolyte, strontium zirconate
doped with Yb. The strontium zirconate doped with Yb 1s
heremafter referred to as “YbSZ” as appropniate. Then, Pt
powder, a powder of the second solid electrolyte and an
organic binder were mixed and sufliciently kneaded, to
prepare an electrode paste for the detection electrode. Lan-
thanum phosphate powder was used as the powder of second
solid electrolyte. The blending ratio between Pt powder and
lanthanum phosphate powder was Pt:lanthanum phosphate
in the mass ratio of 7:3. Furthermore, Pt powder and an
organic binder were mixed and sufliciently kneaded, to
prepare an electrode paste for reference electrode.

Then, the electrode paste for the detection electrode was
printed on one surface of the disc-like solid electrolyte body,
and was dried at a temperature of 70° C., thereby forming a
disc-like detection electrode printing layer having a diameter
of 10 mm. Furthermore, the electrode paste for reference
clectrode was printed on the other plane of the solid elec-
trolyte body, and was dried, thereby forming a disc-like
reference electrode printing layer having a diameter of 10
mm. Then each of the printing layers was fired at a tem-
perature of 1200° C., thereby preparing a cell with a
structure 1 which the disc-like solid electrolyte body was
sandwiched between the detection electrode and the refer-
ence electrode. This cell was the sample E2.

Furthermore, the electrode paste for reference electrode
was printed on both planes of the disc-like solid electrolyte
body, and similar processes to those for the sample E2 were
performed, to prepare a cell. This cell was the sample C2.
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|[Measurement of Electrode Reaction Resistance]
Measurement was carried out as below using the sample

E2 and the sample C2 prepared as above. First, a current
collector and a lead wire were attached respectively to the
detection electrode and the reference electrode 1n each of the
samples. Then, each of the samples was placed inside an
clectric tube furnace. Then, the temperature within the
electric tube furnace was raised to 400° C. while NH; gas 1n
N, balance was distributed within the electric tube furnace.
The lead and an impedance analyzer were connected, and
cell resistance was separated into ohmic resistance and
clectrode reaction resistance by an alternate-current imped-
ance method. The result of electrode reaction resistance 1s
shown 1n FIG. 6.

As can be seen from FIG. 6, the sample E2 has electrode
reaction resistance lower than that of the sample C2. That 1s,
the sample E2 has higher decomposition activity ol ammo-
nia. This means that the ammonia sensor element 1 of the
first embodiment having a detection electrode containing the
second solid electrolyte such as the sample E2 has excellent
sensitivity to ammonia. Also this means that a decomposable
temperature range of ammonia 1s wider.

Thus, according to the present experimental example, it
would be known that the ammonia sensor element having
the detection electrode containing the second solid electro-
lyte can detect ammonia with high accuracy and sensitivity.

Embodiment 2

The present embodiment 1s an example of detection
clectrode having at least two-layer structure. Meanwhile,
unless otherwise indicated, the same numerals used 1n the
second and succeeding embodiments as those used in the
previous embodiment represent analogous components and
the like to those in the previous embodiment.

In an ammoma sensor element 1 of the present embodi-
ment, a detection electrode 5 has an electrode base layer 51
and an electrode surface layer 52 formed thereon as exem-
plified 1n FIG. 7. Specifically, the electrode base layer 51 1s
formed on a first main surface 41 of a solid electrolyte body
4. The solid electrolyte body 4 and the electrode base layer
51 are 1n contact with each other. The electrode surface layer
52 1s formed on the electrode base layer 51. The electrode
base layer 31 and the electrode surface layer 52 are in
contact with each other. That 1s, the solid electrolyte body 4,
the electrode base layer 51 and the electrode surface layer 52
are laminated 1n this order. The electrode base layer 31 and
the electrode surface layer 52 form the detection electrode 5.

As exemplified mm FIG. 8, the electrode base layer 51
contains a metal 516 and a first solid electrolyte 45.
Examples of the metal 516 include precious metals such as
Pt, Ag, Au, Pd, Ru, and Rh, Ni, Al, Cu, W and the like
similarly to the first embodiment, and preferably 1t 1s better
to contain at least Pt. The first solid electrolyte 45 1s similar
to that in the solid electrolyte body 4 1n the first embodiment,
and 1s preferably perovskite-type oxide.

The blending ratio between the first solid electrolyte 45
and the metal 516 1n the electrode base layer 51 can be
adjusted as appropnate. In the electrode base layer 51, a
blending amount of the first solid electrolyte 45 relative to
the total amount 100 parts by mass of the first solid elec-
trolyte 45 and the metal 516 can be adjusted in the range of,
for example, 3-350 parts by mass.

As exemplified 1n FIG. 9, the electrode surface layer 52
contains the metal 56 and a second solid electrolyte 55.
Within the electrode surface layer 52, the metal 56 and the
second solid electrolyte 35 are mixed up. The electrode
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surface layer 52 can contain further perovskite-type oxide.
That 1s, the electrode surface layer 52 can form a similar
configuration to that of the detection electrode 5 1n the first
embodiment.

The detection electrode 5 having the electrode base layer
51 and the electrode surface layer 52 1s formed for example
as follows. First, a metal powder such as Pt powder, the first
solid electrolyte and an organic binder are mixed, and
sufliciently kneaded, thereby preparing an electrode paste
for electrode base layer 51. Furthermore, a metal powder
such as Pt powder, the second solid electrolyte and an
organic binder are mixed, and are sufliciently kneaded,
thereby preparing an electrode paste for electrode surface
layer 52.

Then, the electrode paste for electrode base layer 31 1s
printed on a ceramic sheet for solid electrolyte body 4 and
1s dried. Then, the electrode paste for electrode surface layer
52 1s printed on a printing part of the electrode paste for
clectrode base layer 51 and 1s drnied. Subsequently, firing 1s
carried out, allowing to form the detection electrode 5
having the electrode base layer 51 and the electrode surtace
layer 52 on the solid electrolyte body 4.

An action eflect of the ammonia sensor element 1 of the
present embodiment 1s now described. In the ammonia
sensor element 1 of the present embodiment, the detection
clectrode 5 has a two-layer structure of the electrode base
layer 51 and the electrode surface layer 52. The electrode
surface layer 52 contains, as a proton conducting solid
clectrolyte, the second solid electrolyte having greater acid
strength made of, for example, a phosphoric acid-based
compound. Therefore, mm the detection electrode S, the
clectrode surface layer 52 can selectively adsorb ammonia.
Then, ammonia 1s decomposed 1n, for example, the elec-
trode surface layer 52, to produce protons as above.

This proton 1s conducted through the electrode base layer
51 containing the first solid electrolyte excellent 1n protonic
conductivity made of, for example, perovskite-type oxide, to
the solid electrolyte body 4. Therefore, in the ammonia
sensor element 1 of the present embodiment, ammonia
adsorption, decomposition and proton conduction rapidly
occur, and electrode reaction resistance can be further
decreased, thereby allowing further improvement in detec-
tion accuracy and sensitivity to ammonia of the ammonia
sensor element 1.

As exemplified mn FIG. 8, the electrode base layer 51
preferably has the structure in which the first solid electro-
lyte 45 and the metal 516 are mutually three dimensionally
intermixed. That 1s, 1t 1s preferable that a phase of the first
solid electrolyte 45 and a phase of the metal 516 are
mutually mixed up three dimensionally. In this case, reaction
points 1n the electrode base layer 31 are increased, and
clectrode reaction resistance can be further decreased.

As exemplified 1 FIG. 7, the thickness t of the detection
clectrode 5, the thickness t, of the electrode base layer 51
and the thickness t. of the electrode surface layer 52 pret-
erably fulfill the relations of the following formula (1) and
the following formula (2). In this case, electrode reaction
resistance of the ammonia sensor element 1 can be further
improved. This improvement effect will be described 1n
detail in experimental example 2 stated below.

1=t,+t,

(1)

0.1<¢/1,<1 (2)

In the ammonia sensor element 1 of the present embodi-
ment, other configurations are similar to those of the first
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embodiment. Also in the present embodiment, an action
ellect similar to that of the first embodiment can be obtained.

Experimental Example 2

The present example 1s an example for evaluating, in a
detection electrode with two-layer structure in the second
embodiment, the relation between the thickness ratio of the
clectrode base layer and the electrode surface layer and
clectrode reaction resistance. First, a sample for evaluation
was prepared as below.

Specifically, first, a disc-like solid electrolyte body having
a diameter of 12 mm and the thickness of 1 mm was
prepared. This solid electrolyte body was similar to that of
the experimental example 1.

Then, Pt powder, a powder of first solid electrolyte and an
organic binder were mixed, and sufliciently kneaded, to
prepare an electrode paste for electrode base layer. YbSZ
powder was used as the powder of first solid electrolyte. The
blending ratio between Pt powder and YbSZ powder was
Pt:YbSZ=7:3 1n the mass ratio.

Furthermore, Pt powder, a powder of second solid elec-
trolyte and an organic binder were mixed, and sufliciently
kneaded, to prepare an electrode paste for electrode surface
layer. This electrode paste was similar to the electrode paste
for the detection electrode 1n the experimental example 1.
Furthermore, Pt powder and an organic binder were mixed
and sutliciently kneaded, to prepare an electrode paste for
reference electrode similar to that in the experimental
example 1.

Then, the electrode paste for electrode base layer was
printed on one plane of the disc-like solid electrolyte body
and subsequently was dried, thereby forming a disc-like
printing layer for electrode base layer having a diameter of
10 mm. Then, on this printing layer, the electrode paste for
clectrode surface layer was laminated/printed, and was
dried, thereby laminating/forming a disc-like printing layer
for electrode surface layer having a diameter of 10 mm.

The electrode paste for reference electrode was printed on
the other plane of the solid electrolyte body and was dried,
thereby forming a disc-like printing layer for reference
clectrode having a diameter of 10 mm. Subsequently, each
of the printing layers was fired at a temperature of 1200° C.
Thus, prepared was a cell with a structure in which the
disc-like solid electrolyte body was sandwiched between the
detection electrode having the electrode base layer and the
clectrode surface layer and the reference electrode. This cell
was a sample for evaluation in the present example.

In the present example, multiple samples were prepared
by changing the thickness ratio between the printing layer
for electrode base layer and the printing layer of electrode
surface layer. With regard to each of the samples, electrode
reaction resistance was measured similarly to the experi-
mental example 1. The result thereof 1s shown 1n FIG. 10. In
FIG. 10, the horizontal axis represents the ratio t/t,, t_ being
the thickness of the electrode surface layer and t, being the
thickness of the electrode base layer, and the vertical axis
represents electrode reaction resistance.

As known from FIG. 10, forming the electrode surface
layer on the electrode base layer allows decrease 1n electrode
reaction resistance. On the other hand, when the thickness
ratio t /t, exceeds a predetermined value, electrode reaction
resistance turns upward from the decrease. In terms of
sufficient decrease 1n electrode reaction resistance, 1t 1s
preferable that t,/t_1s 0.1 to 1. In terms of further decrease
in electrode reaction resistance, t,/t_ 1s more preferably 0.2

to 0.8, and further preferably 1s 0.3 to 0.6.
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As described above, according to the present disclosure,
the above ammonia sensor element contains, 1n a solid
clectrolyte body and a detection electrode, proton conduct-
ing solid electrolytes respectively with diflerent acid
strengths. The detection electrode contains a second proton
conducting solid electrolyte with the acid strength greater
than that of a first proton conducting solid electrolyte
contained 1n the solid electrolyte body. Therefore, ammonia
1s easily adsorbed to the detection electrode. In other words,
the second proton conducting solid electrolyte with greater
acid strength easily adsorbs basic ammomnia selectively, and
ammonia 1s selectively adsorbed to the detection electrode
containing such second proton conducting solid electrolyte.
As a result, ammoma 1s selectively decomposed in the
detection electrode. Therefore, the ammonia sensor element
can detect an ammonia concentration with high accuracy.

A proton conducting solid electrolyte responds to H,
therefore, there 1s a concern that an ammonia sensor using
a proton conducting solid electrolyte generally responds not
only to ammoma but also to H,O, hydrocarbon (HC) and the
like. In an ammonia sensor element of the above aspect, a
detection electrode contains a second proton conducting
solid electrolyte, and therefore, basic ammonia from, for
example, mixed gas can be selectively adsorbed to the
detection electrode. Therefore, detection accuracy of an
ammonia concentration 1s high.

As above, according to the above aspect, an ammonia
sensor element which can detect an ammonia concentration
in gas with high accuracy can be provided.

The embodiments of the present invention have been
described as above, however, the present invention 1s not
limited to each of the above embodiments, and can be
applied to various embodiments within the scope not depart-
ing from the gist thereol.

EXPLANAITONS OF LETTERS OR NUMERALS

: ammonia sensor element

: measured gas chamber

: reference gas chamber

4: solid electrolyte body

435: first proton conducting solid electrolyte

5: detection electrode

55: second proton conducting solid electrolyte
6: reference electrode

The mvention claimed 1s:

1. An ammonia sensor element comprising:

a measured gas chamber to which a measured gas 1s
introduced:

a reference gas chamber to which a reference gas 1s
introduced:

a solid electrolyte body arranged between the measured
gas chamber and the reference gas chamber and having
a first main surface facing the measured gas chamber
and a second main surface facing the reference gas
chamber:

a detection electrode formed on the first main surface of
the solid electrolyte body; and

a reference electrode formed on the second main surface
of the solid electrolyte body,

wherein the solid electrolyte body contains a first proton
conducting solid electrolyte,

the detection electrode contains a second proton conduct-
ing solid electrolyte,

the second proton conducting solid electrolyte has an acid
strength greater than that of the first proton conducting,
solid electrolyte,

W D



US 10,928,354 B2

13

the second proton conducting solid electrolyte comprises
at least one phosphoric acid-based compound selected
from a group consisting of lanthanum phosphate, tin

pyrophosphate, zirconium pyrophosphate, and tin
phosphate, and

the detection electrode further contains perovskite-type
oxide.

2. The ammonia sensor element according to claim 1,

wherein the first proton conducting solid electrolyte 1s
made ol perovskite-type oxide.

3. The ammomnia sensor element according to claim 1,

wherein the detection electrode further contains a metal,
and the detection electrode has a structure 1n which the
second proton conducting solid electrolyte and the
metal are mutually three dimensionally imntermixed.

4. The ammonia sensor element according to claim 3,

wherein the detection electrode has an electrode base
layer containing the first proton conducting solid elec-
trolyte, formed on the solid electrolyte body and an
clectrode surface layer containing the second proton
conducting solid electrolyte, formed on the electrode
base layer.

5. The ammonia sensor element according to claim 4,

wherein the thickness t of the detection electrode, the
thickness t, of the electrode base layer and the thick-
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ness t_ of the electrode layer satisty the relations of the
following formula (1) and the following formula (2):

=1+, (1)
0.1=f /=1 (2).

6. The ammonia sensor element according to claim 1,

wherein the detection electrode has an electrode base
layer containing the first proton conducting solid elec-
trolyte, formed on the solid electrolyte body and an
clectrode surface layer containing the second proton
conducting solid electrolyte, formed on the electrode
base layer.

7. The ammonia sensor element according to claim 6,

wherein the thickness t of the detection electrode, the
thickness to of the electrode base layer and the thick-
ness 1s of the electrode layer satisiy the relations of the
following formula (1) and the following formula (2):

=1+, (1)
0.1=t/1;=1 (2).

8. The ammonia sensor element according to claim 1,
wherein the perovskite-type oxide contained 1n the detection
clectrode comprises at least one selected from the group
consisting of strontium zirconate, calcium zirconate, barium
zirconate, strontium cerate, calcium cerate, and barium
cerate, those being doped with rare-earth elements.

% o *H % x



	Front Page
	Drawings
	Specification
	Claims

